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METHOD AND APPARATUS FOR EXTERNAL FIXATION OF SMALL BONES 

Cross-Reference to Related Application 

This Is a continuation-in-part of United States Serial No. 08/439,696, filed May 
12, 1995. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to an orthopedic surgical 
procedure, and more particularly to a method and apparatus for external fixation of 
small bones. 

2. Description of the Related Art 

In various orthopedic surgical procedures, it is often necessary to 
secure two or more portions of bone in a relatively fixed relationship to each other. 
This need is often a result of a fracture which has occurred to the bone. To ensure 
that the bone can properly regenerate and fuse the fractures of the bone, it is 
important that the various bone portions be fixed at the desired position during bone 
regeneration. 

The various external fixators are known for the fixation of small bones 
during a surgical procedure. For example, one particular type of fixator sold by 
Orthofix S.r.l. for small bones has two bone screw clamps with a barbell-shaped 
connector disposed between the bone screw clamps. The barbell-shaped connector 
is captured by a bushing and an aperture nut which is able to screw on to the end of 
each of the bone screw clamps. A cam is used to force the bushing in a direction so 
as to cause the bushing to force the rounded end of the barbell-shaped connector 
against the aperture nut to secure the position of the barbell-shaped connector with 
respect to the bone screw clamp. The bone screw clamp includes a body which is 
able to slide on the arm of the bone screw clamp and has a cover with a plurality of 
circular grooves disposed thereon. The circular grooves are used to receive a 
plurality of bone screws. 

While fixators of the type described above are effective in fixating 
bones, they nevertheless can be the subject of certain improvements. For example, 
it would be useful to have a mechanism by which the member connecting the two 
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bone screw clamps can be more rigidly secured than simply by a cam operating 
directly against a bushing. In addition, the barbell-shaped nature of the 
interconnection between the bone screw clamps limits the ability of the physician to 
view the fracture in that the barbell connector is not radiolucent In addition, unless 
the cylindrical grooves in the bone screw clamps are made to exactly match the shape 
of the bone screws, the bone screw clamps would only provide two point fixation of 
the bone screws. 

SUMMARY OF THE PRESENT INVENTION 
According to one aspect of the present invention, the invention relates 
to a fixator operable for securing two portions of bone in a fixed relationship to each 
other, with the first bone portion having a first bone screw attached thereto while the 
second bone portion has a second bone screw attached thereto. The fixator includes 
first means for receiving the first bone screw which has a spherical portion. In 
addition, the fixator includes a second means for receiving a second bone screw 
which also has a spherical portion. The fixator further includes means for securing the 
first means for receiving a first bone screw to the second means for receiving the 
second bone screw. The means for securing include a connection member which is 
operable to form a radiographic window to permit radiographic examination of the 
fracture, as well as a cantilever member operable to secure the spherical portion of 
said first means for receiving the first bone screw to the connection member. 

An advantage of the present invention is to provide a method and 
apparatus for fixation of small bones that more rigidly secures movement of a bone 
screw clamp with respect to the body of the fixator. 

Another advantage of the present invention is to provide a method and 
apparatus for fixation of small bones which permits radiographic examination of the 
fracture site. 

Another advantage of the present invention is to provide a method and 
apparatus for fixation of small bones in which the bone screw clamp is able to provide 
three point fixation of bone screws. 

A related advantage of the present invention is to provide a method and 
apparatus for securing small bones in which the bone screw damp is positioned with 
respect to the body of the fixator by means of a cantilever member. 



WO 96/35385 



PCT/US96/06679 



3 

Another advantage of the present invention is the provision of a method 
and apparatus for the fixation of small bones having a cam which generates a 
relatively large amount of locking force to secure the angular position of the bone 
screw clamp. 

Additional advantages and features of the present invention will become 
apparent from the following description and appended claims, taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of the apparatus for fixation of small bones in 
operative association with a wrist joint according to the teachings of the first preferred 
embodiment of the present invention; 

FIG. 2 is an elevational view of the apparatus for fixation of small bones 
shown in FIG. 1 according to the teachings of the first preferred embodiment of the 
present invention; 

FIG. 3 is a side elevational view of the apparatus for fixation of small 
bones shown in FIG. 2 according to the teachings of the first preferred embodiment 
of the present invention; 

FIG. 4 is an elevational view of the cantilever member of the apparatus 
for fixation of small bones shown in FIG. 2 according to the teachings of the first 
preferred embodiment of the present invention; 

FIG. 5 is an elevational view of the locking member used in association 
with the apparatus for fixation of small bones shown in FIG. 2 according to the 
teachings of the first preferred embodiment of the present invention; 

FIG. 6(a)-(c) are elevational views of the locking cam used in 
conjunction with the apparatus for fixation of small bones shown in FIG. 2 according 
to the teachings of the first preferred embodiment of the present invention; 

FIG. 7 is an elevational view of the compression/distraction mechanism 
of the apparatus for fixation of small bones shown in FIG. 2 according to the 
teachings of the first preferred embodiment of the present invention; 

FIG. 8 is an illustration of the apparatus for fixation of small bones 
shown in operative association with a set of forceps used to locate the apparatus 
according to the teachings of the first preferred embodiment of the present invention; 
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FIGS. 9(a)-9(b) are illustrations of a drill guide used to locate holes for 
receiving bone pins which are used with the apparatus for fixation of bones according 
to the teachings of the first preferred embodiment of the present invention; 

FIG. 1 0 is an elevational illustration of the apparatus for fixation of small 
5 bones according to the second preferred embodiment of the present invention; 

FIG. 11 is a side elevational view of the apparatus for fixation of small 
bones according to the teachings of the third preferred embodiment of the present 
invention; 

FIG. 12 is an end view of the apparatus for fixation of small bones 
1 0 shown in FIG. 1 1 according to the teachings of the third preferred embodiment of the 
present invention; 

FIG. 13 is a side elevational view of the locking member used in 
association with the apparatus for fixation of small bones shown in FIG. 1 1 according 
to the teachings of the third preferred embodiment of the present invention; 
1 5 FIG. 1 4 is an end view of the cantilever member used in associated with 

the apparatus for fixation of small bones shown in FIG. 1 1 according to the teachings 
of the third preferred embodiment of the present invention; 

FIG. 15 is a partially exploded view of a portion of the apparatus for 
fixation of small bones shown in FIG. 1 1 according to the teachings of the third 
20 preferred embodiment of the present invention; and 

FIG. 1 6 is a cross-sectional view taken along the line 1 6-1 6 of FIG. 15. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description of the preferred embodiments of the present 
invention is merely exemplary in nature and is in no way intended to limit the invention 
or its application or uses. 
5 Referring to FIG. 1 , an apparatus 1 0 for fixation of small bone portions 

1 2 and 1 4 is shown constructed in accordance with the teachings of the first preferred 
embodiment of the present invention. In particular, the apparatus 1 0 is illustrated as 
being used to secure a bone fracture 16 which is located in close proximity to the 
wrist joint. The apparatus 1 0 is used to secure the bone portions 1 2 and 1 4 in a fixed 

10 relationship so as to permit the fractured portions to fuse properly. While the 
apparatus 10 is shown in conjunction with a wrist joint, it will be appreciated that the 
apparatus 10 may be used with other joints as well. 

The construction of the apparatus 10 will now be described with 
reference to FIGS. 2 and 3. The apparatus 10 includes a first clamp support arm 18 

15 and a second clamp support arm 20. The first and second clamp support arms 18 
and 20 are connected to each other by means of a connection member 22 as will be 
more fully discussed below. The first clamp support arm 18 includes an extension 
portion 24 and a spherical portion 26. The extension portion 24 of the first clamp 
support arm 18 is used to allow a first bone screw clamp 28 to slide thereon as 

20 described herein. The spherical projection 26 extends from the extension portion 24 
and is used to engage the connection member 22. In a similar fashion, the second 
clamp support arm 20 also includes an extension portion 30 and a spherical portion 
32. As with the first clamp support arm 18, the extension portion 30 is used to allow 
a second bone screw clamp 34 to slide thereon, while the spherical projection 32 

25 extends from the extension portion 30 and serves to allow engagement with the 
connection member 22. 

As discussed above, the first and second bone screw support clamps 
28 and 34 are operable to slide on the first extension portion 24 and the second 
extension portion 30, respectively, and are operable to support a plurality of bone 

30 screws 36 after they have been secured to bone. To secure the bone screws 36 to 
the bone screw clamps 28 and 34, the bone screw clamps 28 and 34 include a 
plurality of bone screw rests 38. The bone screw rests 38 contain a V-shaped groove 
which is operable to engage the sides of the bone screws 36. The bone screw rests 
38 are secured to the bodies 40 and 42 of the bone screw clamps 28 and 34 by 



WO 96/35385 



PCI7US96/06679 



staking a projection extending from the bottom of the bone screw rests 38. However, 
the staking operation is performed such as to allow approximately .002" difference 
between the length of the projection and the depth of the bore receiving the projection 
in the bodies 40 and 42 so as to allow limited movement of the bone screw rests 38. 
5 This limited movement of the bone screw rests 38 allows the bone screw rests 38 to 
center on the bone screws 36 and therefore not cause the bone screws 36 to 
otherwise stress the bone when the bone screws are not precisely aligned with the 
groove of the bone screw rests 38. 

The bone screw clamps 28 and 34 further each include cover members 

10 46 arid 48 which are able to be inserted over the bone screws 36 when the bone 
screws 36 are located in the bone screw rests 38. The cover members 46 and 48 
each include an aperture 50 which allows a threaded fastener 52 to pass through the 
cover members 46 and 48 and into a threaded aperture of the bodies 40 and 42 of 
the bone screw clamps 28 and 34. 

15 To secure the position of the bone screw clamps 28 and 34 on the 

extension portions 24 and 30 of the first and second clamp support arms 1 8 and 20, 
the apparatus further includes a plurality of locking screws 54. The locking screws 54 
are operable to threadably engage the bodies 40 and 42 of the bone screw clamps 
28 and 34 and extend therethrough to engage the extension portions 24 and 30 of the 

20 first and second clamp support arms 18 and 20, respectively. Accordingly, upon 
rotation of the locking screws 54, the locking screws 54 are able to engage the 
extension portions 24 and 30 of the first and second clamp support arms 18 and 20 
so as to prevent longitudinal movement of the bone support clamps 28 and 34. 

The connection member 22 and the cantilever member 56 will now be 

25 described with reference to FIGS. 4 and 5. The connection member 22 is generally 
U-shaped so as to form a radiographic window 58 through which the fracture 1 6 may 
be viewed. The connection member 22 includes a first plurality of apertures 60 as well 
as a second plurality of apertures 62. The first plurality of apertures 60 are operable 
to receive a locking pin 64 which extends through the cantilever members 62 as well 

30 as the connection member 22 so as to form a hinge between the connection member 
22 and the cantilever members 62. The second plurality of apertures 62 are used to 
receive a locking cam 66 which also extends through the apertures of the cantilever 
members 56. The locking cam 66 (shown in FIG. 6) includes a non-circular camming 
portion 68 which engages one of the second plurality of apertures 62 at an angle 
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which is less than the angle which would be engaged if the cross-section of the 
camming portion 68 were circular in cross-section. Accordingly, the approach angle 
of the camming portion 68 with respect to one of the second plurality of apertures 62 
is reduced so as to allow less resistance to rotation when the locking cam 66 is 
5 rotated so as to secure the spherical portion of the clamp support arm 1 8 between 
the cantilever member 56 and the connection member 22. Accordingly, the locking 
cam 66 is able to generate greater force for securing the cantilever member 56 to the 
connection member 22 for a given applied torque. 

The connection member 22 also has a plurality of central apertures 70 

10 which are able to receive the spherical portions 26 and 32 of the first and second 
clamp support arms 1 8 and 20 while each of the cantilever members 56 also includes 
a central aperture 72 which is able to receive part of the spherical portions 26 and 32 
of the first and second clamp support arms 18 and 20. Accordingly, when the locking 
cam 66 is rotated in such a manner so as to displace the cantilever member 56 in a 

1 5 direction towards the connection member 22, the spherical portions 26 and 32 of each 
of the damp support arms 18 and 20 are securely engaged between the connection 
member 22 and the cantilever members 56. 

To allow the bone screws 36 which are disposed within the first bone 
screw clamp 28 to be longitudinally displaced, the first clamp support member 28 

20 further includes a compression/distraction assembly 74 as shown in FIG. 7. The 
compression/distraction assembly 74 Includes a threaded pin 76 having a head 78 
with a hex-shaped recess. The threaded pin 76 is secured to the first clamp support 
arm 28 by means of a first mounting member 80 and a second mounting member 82, 
each of which is attached by means of a threaded fastener 84. The 

25 compression/distraction assembly 74 further includes a movable member 86 which 
threadably engages the threaded pin 76 of the compression/distraction assembly 74. 
The movable member 86 includes a pin 88 which engages a recess in the body 40 
of the first bone screw clamp 28. As will be appreciated by those skilled in the art, 
rotation of the threaded pin 76 causes the movable member 86 to be displaced with 

30 respect to the first and second mounting members 80 and 82. Because the pin 88 
of the movable member 86 engages the bone screw clamp 28, the bone screw clamp 
28 is also able to move upon rotation of the threaded pin 76. 

It is often necessary to locate the apparatus while the joint in question 
is being subjected to radiation. For this reason, the apparatus 10 may also be used 
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with a plurality of forceps 90 shown in FIG. 8. In this regard, the forceps 90 include 
a handle 92 which has a bone screw engaging portion and a rotatable knob 96. The 
rotatable knob 96 is secured to a threaded member 98 which extends to the bone 
screw engaging portion 94. Accordingly, by rotation of the knob 96, the bone screw 
5 engagement portion 94 can clamp the bone screws 36 in a secure manner. When the 
forceps 90 are used, the bone screws 36 are initially clamped by the forceps 90 and 
then the forceps 90 are used to manipulate the position of the apparatus 10. Once 
the apparatus 10 is in the proper position, the cams 66 are rotated so as to secure 
the spherical portions 26 and 32 of the clamp support arms 18 and 20 to the 
1 0 connection member 22 and the threaded fasteners 54 are rotated so as to secure the 
position of the bone screw clamps 28 and 34 with respect to the clamp support arms 
18 and 20. 

To facilitate the positioning of the bone screws 36 when using the 
apparatus 1 0, a drill guide 1 00 similar to that shown in FIG. 9 may be used. The drill 

15 guide 100 includes a guide portion 102 having two longitudinal bores 104 extending 
therethrough. The drill guide 100 also includes a handle portion 106 which may be 
used to position the guide portion 1 02. In operation, the guide portion 1 02 of the drill 
guide 1 00 is positioned such that the circular projections 1 06 of the guide portion 1 02 
are received through a soft tissue sleeve (not shown) which engages the bone screw 

20 rests 38 of the bone screw clamps 28 and 34. A drill is then used to form a hole in 
the bone and then the drill and the drill guide 100 are removed. A bone screw 36 is 
then inserted into the soft tissue sleeve and then is secured to the bone. The soft 
tissue sleeve is then removed and then the bone screw is secured to the bone screw 
clamp 28 by rotation of the threaded fastener. 

25 The second preferred embodiment of the present invention is shown 

in FIG. 10. In this embodiment, similar reference numerals will be used to identify 
similar components as previously described with respect to the first preferred 
embodiment of the present invention. As with the first preferred embodiment of the 
present invention, the apparatus 10 of the second preferred embodiment of the 

30 present invention includes a first clamp support arm 1 8 and a second clamp support 
arm 20. A first bone screw clamp 28 is located on the first clamp support arm 18, 
while a second bone screw clamp 34 is located on the second clamp support arm 20. 
The first and second clamp support arms 18 and 20 are connected by a connection 
member 22 which is operable to locate the first clamp support arm 18 at a position 



WO 96/35385 



PCT/US96/06679 



which is below and at right angles to the second clamp support arm 20. This allows 
the apparatus to be used in other forms of fixation of small bones. 

The third preferred embGdimerrt of the present invention is shown in 
FIGS. 11*16. Again, in this embodiment similar reference numerals will be used to 
5 identify similar components as previously described with respect to the first preferred 
embodiment of the present invention. As with the previously described embodiments 
of the present invention, the apparatus 10 of the third embodiment of the present 
invention includes a first clamp support arm 18 and a second clamp support arm 20. 
A first bone screw clamp 28 is located on the first clamp support arm 18, while a 

10 second bone screw clamp 34 is located on the second clamp support arm 20. The 
first and the second clamp support arms 18 and 20 are connected by a connection 
member 22 which is selectively operable to fixedly locate the first clamp support arm 
18 relative to the second clamp support arm 20.. 

The first clamp support arm 18 includes an extension portion 24 and 

1 5 a spherical portion 26. The extension portion 24 of the first clamp support arm 1 8 is 
used to allow the first bone screw clamp 28 to slide thereon as described below. The 
spherical projection 26 extends from the extension portion 24 and is used to engage 
the connection member 22. In a similar fashion, the second clamp support arm 20 
also includes an extension portion 30 and a spherical portion (partially shown at 32 

20 in FIG. 1 1 ). As with the first clamp support arm 1 8, the extension portion 30 is used 
to allow a second bone screw clamp 34 to slide thereon, while the spherical projection 
32 extends from the extension portion 30 and serves to allow engagement with the 
connection member 22. 

As described above with respect to the first embodiment, the first and 

25 second bone screw support clamps 28 and 34 are operable to support a plurality of 
bone screws 36 after they have been secured to bone and the first and second bone 
screw support clamps 28 and 34 are further operable to slide along the first extension 
portion 24 and the second extension portion 30, respectively. The first and second 
extension portion 24 and 30 of the first and second clamp support arms 18 and 20 

30 preferably oval in cross section having a flat upper surface 110 and a flat lower 
surface 112 interconnected by a pair of arcuate side portions 114. The oval cross 
section of the extension portions 24 and 30 prevents rotation of the first and second 
bone screw clamps 24 and 34 relative to the first and second extension portions 24 
and 30, respectively. In the embodiment illustrated, the arcuate portions 114 of the 



WO 96/35385 



PCT/US96/06679 



10 

first extension portion 24 are formed to include an external thread. A longitudinally 
extending channel 116 is formed along a substantial length of the flat lower surface 
112. 

As with the first embodiment discussed above, the first and second 
5 bone screw support clamps 28 and 34 of the third embodiment are operable to slide 
on the first extension portion 24 and the second extension portion 30, respectively. 
The first and second bone screw support clamps 28 and 34 are further operable to 
support a plurality of bone screws 36 after they have been secured to bone. In the 
third embodiment, the bone screw clamps 28 and 34 are formed to include a plurality 

10 of V-shaped grooves 118 which are operable with the cover members 46 and 48 to 
cooperatively engage the sides of the bone screws 36. The fasteners 52 pass 
through the apertures 50 in the cover members 46 and 48 and engage threaded 
apertures in the bodies 40 and 42 of the bone screw clamps 28 and 34. 

To secure the position of the bone screw clamps 28 and 34 on the 

1 5 extension portions 24 and 30 of the first and second clamp support arms 1 8 and.20, 
the apparatus of the third embodiment of the present invention further includes a 
plurality of locking screws 54. The locking screws 54 of the third embodiment are 
operable to threadably engage the bodies 40 and 42 of the bone screw clamps 28 
and 34 and extend therethrough to engage the extension portions 24 and 30 of the 

20 first and second clamp support arms 18 and 20, respectively. In the embodiment 
shown, each of the locking screws 54 is formed to include a first end 120 having a 
reduced diameter operable to engage the longitudinal extending channel 116. 
Accordingly, upon rotation of the locking screws 54, the locking screws 54 are able 
engage the extension portions 24 and 30 of the first and second clamp support arms 

25 1 8 and 20 so as to prevent longitudinal movement of the bone support clamps 28 and 
34. 

The apparatus 10 of the third preferred embodiment of the present 
invention further includes a compression/distraction mechanism for linearly translating 
the first bone screw clamp 28 relative to the first clamp support arm 18. The 
30 compression/distraction mechanism includes a rotatable sleeve 1 24 formed to include 
internal threads in cooperative engagement with the external threads on the arcuate 
sides 1 1 4 of the extension portion 30 of the first clamp support arm 1 8. The rotatable 
sleeve 124 has a first end 126 rotatably retained within the body 40 of bone support 
clamp 28 in any manner well known In the art. The rotatable sleeve 124 further 
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includes an enlarged second end 128 having a partially knurled exterior surface. The 
exterior surface of the enlarged second end 1 28 is further formed to include a plurality 
of radially extending apertures 130 operable for receiving a tool (not shown) for 
facilitating rotation of the rotatable sleeve 1 24. Upon selective rotation of the rotatable 
5 sleeve 124 relative to the first clamp support arm 1 8, the first bone screw clamp 28 is 
longitudinally displaced relative to the first clamp support arm 18 in a linear direction 
either toward or away from the spherical projection 26. 

In the embodiment illustrated, the second bone screw support clamp 
34 is not shown to include a compression/distraction mechanism. In use, after the 

1 0 apparatus 1 0 is initially attached through the plurality of bone screws 36, the second 
bone screw support clamp 34 would remain longitudinally fixed relative to the second 
extension portion 30. Adjustment of the plurality of bone screws 36 held by the 
second bone screw clamp 34 relative to the first bone screw support clamp 28 would 
be accomplished through selective control of the compression/distraction mechanism 

15 arranged with the first bone screw support clamp 34. However, certain applications 
may alternatively require incorporation of a second compression/distraction 
mechanism of substantially identical construction. 

The connection member 22 and the cantilever member 56 of the third 
preferrea embodiment of the present invention will now be described with reference 

20 to FIGS. 11-14, The connection member 22 is generally U-shaped so as to form a 
radiographic window 58 through the bone fracture 16 which may be viewed. As 
shown in FIG. 11, the radiographic window 58 is linearly interdisposed directly 
between the spherical portions 26 and 32 of the first and second clamp support arms 
1 8 and 20. Significantly, the third preferred embodiment places the pivot axes defined 

25 by the arcuate portions 26 and 32 substantially along the axis of the bone. 

Similar to the first preferred embodiment, the connection member 22 
includes a first plurality of apertures 60 as well as a second plurality of apertures 62. 
The first plurality of apertures 60 are operable to receive a locking pin 64 which 
extends through the cantilever member 56 as well as the connection member 22 so 

30 as to form a hinge between the connection member 22 and the cantilever members 
62. The second plurality of apertures 62 are used to receive a locking cam 66 which 
also extends through the apertures of the cantilever members 56. The locking cam 
66 is substantially identical to that shown and described with respect to the first 
embodiment. 
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Further similar to the first embodiment, the connection member 22 of 
the third embodiment also has a plurality of central apertures 70 which are able to 
receive the spherical portions 26 and 32 of the first and second clamp support arms 
18 and 20 while each of the cantilever members 56 also includes a central aperture 
5 72 which is able to receive part of the spherical portions 26 and 32 of the first and 
second clamp support arms 18 and 20. Accordingly, when the locking cam 66 is 
rotated in such a manner so as to displace the cantilever member 56 in a direction 
towards the connection member 22, the spherical portions 26 and 32 of each of the 
clamp support arms 1 8 and 20 are securely engaged between the connection member 

10 22 and the cantilever members 56. 

In use, the apparatus 10 is initially oriented In the position where it is 
desired to be ultimately secured to the bone. A soft tissue sleeve (not shown), 
followed by the drill guide 100, is inserted Into the first bone screw support clamp 28 
and onto the bone screw rest 38 of the bone screw clamp 28. A drill is then used to 

1 5 form two holes In the bone and then the drill guide 1 00 is removed from the first bone 
screw clamp 28. Two bone screws 36 are then inserted into the soft tissue sleeve and 
are rotated so as to securely engage the bone. The soft tissue sleeve is then 
removed from the bone screw clamp 28 and then the cover member 46 is secured to 
the body 40 of the bone screw clamp 28. This process is then repeated with respect 

20 to the bone screws 36 which are Inserted into the second bone screw clamp 34. 

The foregoing discussion discloses and describes merely exemplary 
embodiments of the present invention. One skilled in the art will recognize from such 
discussion and from the accompanying drawings and claims, that various changes, 
modifications and variations can be made therein without departing from the spirit and 

25 scope of the invention. 
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CLAIMS 

WHAT IS CLAIMED IS : 

1. An apparatus for securing a first bone portion In a fixed relationship to a 
second bone portion, the apparatus comprising: 

a first bone screw connected to the first bone portion; 
a second bone screw connected to the second bone portion; 
5 means for receiving said first bone screw, said means for receiving said 

first bone screw having a spherical portion; 

means for receiving said second bone screw, said means for receiving 
said second bone screw having a spherical portion; and 

means for securing said means for receiving said first bone screw to 
10 said means for receiving said second bone screw, said means for securing being 
operative to at least partially define a radiographic window linearly interbetween said 
spherical portion for said means for receiving said first bone screw and said spherical 
portjon for said means for receiving said second bone screw, said radiographic 
window permitting radiographic examination of the fixed relationship of the first and 
15 second bone portions. 
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AMENDED CLAIMS 

[received by the International Bureau on 26 September 1996 (26.09.96): 
original claim 1 replaced by amended claims 1-21 (6 pages)] 



1 . An apparatus for securing a first bone portion in a fixed relationship to 
a second bone portion, the apparatus comprising: 

5 a first bone screw connected to the first bone portion; 

a second bone screw connected to the second bone portion; 
means for receiving said first bone screw, said means for receiving said 
first bone screw having a spherical portion; 

means for receiving said second bone screw, said means for receiving 
10 said second bone screw having a spherical portion; and 

means for securing said means for receiving said first bone screw to 
said means for receiving said second bone screw, said means for securing being 
operative to at least partially define a radiographic window to permit radiographic 
examination of the fixed relationship of the first and second bone portions in a 
15 direction substantially parallel to said first bone screw, said radiographic window 
extending directly between said spherical portion of said means for receiving said first 
bone screw and said spherical portion for said means for receiving said second bone 
screw. 

2. The apparatus for securing a first bone portion in a fixed relationship 
20 to a second bone portion of Claim 1 , wherein said means for securing said means for 

receiving said first bone screw to said means for receiving said second bone screw 
includes an intermediate portion having a longitudinal axis spaced apart from a line 
passing through said spherical portion of said means for receiving said first bone 
screw and said spherical portion of said means for receiving said second bone screw. 

25 3. The apparatus for securing a first bone portion in a fixed relationship 

to a second bone portion of Claim 2, further comprising a cantilevered member 
operable to secure the spherical portion of said means for receiving said first bone 
screw to said means for securing said means for receiving said first bone screw to 
said means for receiving said second bone screw. 
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4. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 3, wherein said means for securing said means for 
receiving said first bone screw to said means for receiving said second bone screw 
comprises a generally U-shaped connecting member, and further wherein said 

5 cantilevered member includes a first end pivotally interconnected with said connecting 
member for selective rotation through a camming member. 

5. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 1 , wherein said means for receiving said first bone 
screw includes means for longitudinally displacing said first bone screw relative to said 

10 spherical portion of said means for receiving said first bone screw. 

6. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 1 , wherein said means for receiving said first bone 
screw includes means for establishing three point contact with said first bone screw. 

7. The apparatus for securing a first bone portion in a fixed relationship 
15 to a second bone portion of Claim 1 , wherein said means for receiving said first bone 

screw includes a base portion and a cover portion, said base portion and said cover 
portion cooperatively defining a channel adapted to receive said first bone screw, one 
of said base portion and said cover portion including a substantially V-shaped groove 
for directly engaging said first bone screw in two point contact and the other of said 
20 base portion and said cover portion engaging said first bone screw at a third point of 
contact. 
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8. An apparatus for securing a first bone portion in a fixed relationship to 
a second bone portion by a first bone screw connected to the first bone portion and 
a second bone screw connected to the second bone portion, the apparatus 
comprising: 

5 a first clamping member for receiving the first bone screw, said first 

clamping member including a spherical portion; 

a second clamping member for receiving the second bone screw, said 
second clamping member Including a spherical portion; and 

a connecting member for securing said first clamping member to said 
1 0 second clamping member, said connecting member including an intermediate portion 
having a longitudinal axis spaced apart from a line passing through said spherical 
portion of said first clamping member and said spherical portion of said second 
clamping member in a direction substantially normal to the first bone screw. 

9. The apparatus for securing a first bone portion in a fixed relationship 
15 to a second bone portion of Claim 8, further comprising a cantilevered member 

operable to secure said spherical portion of first clamping member to said connecting 
member. 

10. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 9, wherein said connecting member further 

20 includes a transversely extending portion disposed generally perpendicular to said 
intermediate portion having ah aperture, and further wherein said cantilevered member 
includes an aperture, said spherical portion of said first clamping member being 
centered between said cantilevered member and said transversely extending portion 
such that said spherical portion of said first clamping member partially extends into 

25 said aperture of said transversely extending portion and partially extends Into said 
aperture of said cantilevered member. 

1 1 . The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 10, further comprising a camming member for 
selectively preventing relative rotation between said spherical portion of said first 

30 clamping member and said cantilevered member. 
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12. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 8, wherein said first clamping member includes a 
longitudinally displaceable portion for receiving the first bone screw. 

13. The apparatus for securing a first bone portion in a fixed relationship 
5 to a second bone portion of Claim 12, further comprising a mechanism for 

incrementally advancing said longitudinally displaceable portion relative to the 
spherical portion of said first clamping member. 

14. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 8, wherein said first clamping member includes a 

10 base portion and a cover portion, and further wherein one of said base portion and 
said cover portion includes a substantially V-shaped groove for directly engaging the 
first bone screw in two point contact and the other of said base portion and said 
cover engages said first bone screw at a third point of contact. 
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15. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 8, wherein said connecting member is generally 
U-shaped having a pair of transversely extending portions disposed generally 
perpendicular to said intermediate portion. 

1 6. An apparatus for securing a first bone portion in a fixed relationship to 
a second bone portion by a first bone screw connected to the first bone portion and 
a second bone screw connected to the second bone portion, the apparatus 
comprising: 

a first clamping member for receiving the first bone screw; 
a second clamping member for receiving the second bone screw; and 
a connecting member for securing said first clamping member to said 
second clamping member, said connecting member having a substantially U-shaped 
configuration for at least partially defining a radiographic window to permit 
radiographic examination of the fixed relationship of the first and second bone 
portions. 

17. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 16, further comprising a cantilevered member 
operable to secure said first clamping member to said connecting member. 

18. (NEW) The apparatus for securing a first bone portion In a fixed 
relationship to a second bone portion of Claim 17, wherein said connecting member 
is unitarily formed and includes an intermediate portion and a transversely extending 
portion disposed generally perpendicular to said intermediate portion. 

19. The apparatus for securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 18, wherein said first clamping member includes 
a spherical portion, and further wherein transversely extending portion includes an 
aperture and said cantilevered member includes an aperture, said spherical portion 
of said first clamping member being centered between said cantilevered member and 
said transversely extending portion such that said spherical portion of said first 
clamping member partially extends into said aperture of said transversely extending 
portion and partially extends into said aperture of said cantilevered member. 
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20. The apparatus lor securing a first bone portion in a fixed relationship 
to a second bone portion of Claim 19, further comprising a camming member for 
selectively preventing relative rotation between said spherteal portion of said first 
clamping member and said cantilevered member. 

21. (NEW) The apparatus for securing a first bone portion In a fixed 
relationship to a second bone portion of Claim 20, further comprising a camming 
member for selectively preventing relative rotation between said spherical portion of 
said first clamping member and said cantilevered member. 
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